Introduction: Ethnic Indians have a high burden of vascular disease. Vitamin D deficiency is associated with an increased risk of vascular disease including ischaemic stroke. Vitamin D levels are lower among ethnic Indians compared to ethnic Chinese in healthy individuals. We compared the plasma 25-hydroxyvitamin D [25(OH)D] levels between ethnic Indians and Chinese male ischaemic stroke patients.
INtrODUCtION
Ethnic Indians have a greater burden of vascular disease including stroke compared to many other ethnic groups 1 . Stroke incidence among ethnic Indians is 111-123 per 100,000 1 , higher than the world average of 90 per 100,000 2 . Vitamin D deficiency is associated with a higher risk of vascular disease and ischaemic stroke in healthy population studies [3] [4] [5] . Ethnic differences in vitamin D levels have been previously described [6] [7] [8] [9] . In a multiethnic population-based study conducted in the United Kingdom (UK), vitamin D levels are lowest among Asians followed by Afro-Caribbeans and highest among Caucasians 6 . In another UK epidemiologic study, they found an age-adjusted prevalence rate of vitamin D deficiency (<20 μg/L) of 93% among South Asian males 9 . Among healthy individuals in Singapore, serum 25-hydroxyvitamin D [25(OH)D] levels were significantly lower among ethnic Indians than their Chinese counterparts 8 .
We compared plasma 25(OH)D levels between ethnic Indian and Chinese male acute ischaemic stroke patients who were matched for age and diabetes status.
MAtErIALS AND MEtHODS
The inclusion criterion was acute ischaemic stroke diagnosed based on clinical presentation and brain imaging 10 , with symptom onset within seven days. We recruited consecutive ethnic Indian male patients admitted to the Singapore General Hospital and subsequent ethnic Chinese patients who fulfilled the matching criteria of age within five years and presence of diabetes. Ethnicity was ascertained from interviews with the patient or next-of-kin and/or from ethnicity data on the patient's identity card issued to each Singaporean resident. Patients of mixed ethnicity were excluded. Demographic data and presence of vascular risk factors were recorded. Diabetes was defined as Proceedings of Singapore Healthcare  Volume 22  Number 3  2013 prior diagnosis, oral hypoglycaemic/insulin use or by the World Health Organization guidelines 11 ; hypertension as prior diagnosis or by the Joint National Committee of Hypertension guidelines 12 ; hyperlipidaemia as prior diagnosis, use of lipidlowering medications or by the National Education Program Expert Adult Treatment Panel guidelines 13 ; past ischaemic heart disease (IHD) history as prior diagnosis or evidence on electrocardiography, echocardiography, stress testing, or cardiac catheterisation; and past cerebrovascular disease (CVD) history as prior symptomatic stroke or transient ischaemic attack. Stroke was classified using the Trial of ORG 10172 in Acute Stroke Treatment (TOAST) criteria 14 .
Blood was taken within two weeks of stroke onset (median three days) to reflect pre-stroke levels and obviate post-stroke confounders such as immobility, diet restrictions, and reduced sunlight exposure. Plasma 25(OH)D levels were measured using DiaSorin radioimmunoassay (DiaSorin RIA, Stillwater, MN, USA), blinded to clinical data including ethnicity. Vitamin D insufficiency was defined as 20-40 μg/L, mild deficiency as 10-20 μg/L, moderate deficiency as 5-10 μg/L and severe deficiency as <5 μg/L 15 . Statistical analyses were performed with SPSS version 17.0. Shapiro-Wilk test was employed for testing normality and paired t-test for comparing continuous variables between matched pairs. This study was approved by the hospital's Institutional Review Board and written informed consent was obtained from all participants.
rESULtS
We studied 22 matched pairs of male acute ischaemic stroke patients of Indian and Chinese ethnicity. The median age was 59 years for both ethnic groups. The prevalence of diabetes was 55%. There were no differences in the prevalence of hypertension (77% versus 73%, p=0.75), hyperlipidaemia (64% versus 86%, p=0.13), past IHD (36% versus 18%, p=0.16) and past CVD (14% versus 27%, p=0.27) between ethnic Indians and Chinese. Stroke subtype distribution was similar between ethnic Indians (50% small artery, 46% large artery, and 4% undetermined) and ethnic Chinese (50% small artery, 41% large artery, and 9% undetermined) (p=0.60).
Plasma 25(OH)D levels were normally distributed (W=0.98, p=0.83) with a mean of 18.2 ± 5.5 μg/L. Mean plasma 25(OH)D level was lower among ethnic Indians (16.7 ± 6.1 μg/L) than ethnic Chinese (19.7 ± 4.4 μg/L) (p=0.04). The difference between the Indian-Chinese matched pairs was also normally distributed (W=0.98, p=0.96) with a mean of 2.9 ± 6.4 μg/L corresponding to a mean percentage difference of 12.9 ± 33.1%.
None of the patients in either ethnic group had sufficient vitamin D levels. Among the ethnic Indians, 32% had vitamin D insufficiency, 64% mild deficiency, and 4% severe deficiency. Among the ethnic Chinese, 50% had vitamin D insufficiency, and 50% had mild deficiency with none having moderate or severe deficiency. There was no difference in prevalence of vitamin D deficiency between ethnic Indians (68%) and Chinese (50%) (p=0.26).
DISCUSSION
Vitamin D levels were lower among ethnic Indians compared to matched ethnic Chinese male ischaemic stroke patients, consistent with healthy population data. The possible reasons for this ethnic difference include variations in skin pigmentation, sun exposure, dietary intake, genetic and cultural factors [6] [7] [8] .
These findings hint at the possibility that vitamin D deficiency may be a contributing factor to the higher burden of vascular disease in ethnic Indians. Vitamin D deficiency is associated with ischaemic stroke risk 4-5 as well as stroke risk factors including hypertension, hyperlipidaemia, diabetes mellitus, and IHD [3] [4] . As this is a cross-sectional study, causality in the relationship between vitamin D deficiency, ethnicity, and stroke cannot be established. Ethnic comparison studies with case-control and longitudinal designs are needed to better understand the interplay of vitamin D, ethnicity, and ischaemic stroke. This study also shows that ethnicity should be considered in the design of studies on vitamin D screening and replacement in post-stroke patients.
Strengths of this study include matching for age and diabetes which are potential covariates and blinding of vitamin D measurement to ethnicity and clinical data. We studied patients in the acute phase of ischaemic stroke within seven days of onset, hence our data are not confounded by long-term consequences of stroke that may affect vitamin D levels such as immobilisation, decreased
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Proceedings of Singapore Healthcare  Volume 22  Number 3  2013 sun exposure and limited dietary intake 16 . The main limitation is the small sample size, however despite this, statistically significant differences were found. These findings thus need to be confirmed in a larger stroke cohort preferably in comparison to non-stroke controls. This is a study of male stroke patients and the findings cannot be generalised to female patients.
CONCLUSION
In summary, we found that ethnic Indian male ischaemic stroke patients have lower vitamin D levels compared to their Chinese counterparts.
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